Transport media should preserve the viability and stability of microorganisms in clinical specimens. In this study, the Port-A-Cul transport system and the Copan transport system without charcoal, both designed to preserve anaerobes, were evaluated. Dacron swabs were inoculated with two combinations of facultative and anaerobic organisms typically found in vaginal swab samples. Combination I contained Candida albicans, Escherichia coli, Enterococcus spp., group B streptococci, Lactobacillus crispatus, and Staphylococcus aureus. Combination II contained Lactobacillus iners, Peptoniphilus asaccharolyticus, Mycoplasma hominis, Prevotella bivia, Prevotella corporis, Porphyromonas asaccharolytica, Mobiluncus curtisii, Peptostreptococcus anaerobius, and Gardnerella vaginalis. Duplicate swabs were placed into the two transporters and held for 24, 48, 72, and 96 h at 4 and 24°C. Both transporters maintained the viability of organisms better at 4°C than at 24°C. Prevotella bivia and Prevotella corporis had a loss of viability in both transporters at both temperatures. However, at 24°C, there was a significantly greater loss of viability for Mycoplasma hominis, Prevotella bivia, Prevotella corporis, and Peptoniphilus asaccharolyticus when the organisms were stored in Copan transport medium than when they were stored in Port-A-Cul transport medium for 96 h (P < 0.002). Some organisms proliferated in the transport media, but when transporters were held at 24°C for 96 h, a significantly greater increase in the concentrations of group B streptococci and Candida albicans, Escherichia coli, and Enterococcus spp. organisms in Copan medium than in Port-A-Cul medium was observed (P < 0.002). At room temperature, the Port-A-Cul system is superior to the Copan system with respect to the preservation of fastidious microorganisms and the prevention of the proliferation of facultative organisms.
The ecosystem of the vagina is a complex mixture of fastidious anaerobes, nonfastidious aerobes, and genital mycoplasmas (1, 5-7, 9, 14, 16) . Therefore, vaginal swab samples are also microbiologically complex. Due to the increased utilization of centralized laboratories, specimens may be in transit for time periods greater than 24 h, and during that time they may be exposed to various temperature conditions. Factors which may influence organism survival include deviations in temperature, interactions among microbes in the transport medium, prolonged transport time, and the type of transport medium that is used. It has been reported previously that there is a loss of viability observed during transport, with the degree of loss dependent on the microorganism, the transport system, and the temperature (2-4, 8, 10, 15, 18, 19, 21-23 ). An ideal transport system maintains the viability of fastidious organisms during transport without allowing the overgrowth of bacteria such as coliforms. Few studies have evaluated the survival of fastidious organisms in mixtures or clinical samples (2, 3, 4) , and few have evaluated transport times greater than 24 h (3, 4, 15, 19, 21) .
The objective of this study was to compare two transport systems for their capacities to preserve the viability of microorganisms and the stability of microorganism quantities during transport for up to 96 h when there were several organisms in combination on a single swab. Two marketed products labeled for the preservation of anaerobes in clinical specimens were evaluated. The Port-A-Cul transport system (Becton Dickinson and Co., Sparks, MD) and the Copan transport system without charcoal (Thermo-Fisher, Waltham, MA) were subjected to conditions that mimic those potentially encountered during transport to determine whether they had similar performance characteristics.
(A portion of this work was presented at the 105th General Meeting of the American Society for Microbiology, Atlanta, GA, 1 to 5 June 2005.)
MATERIALS AND METHODS
A total of 15 organisms were used to evaluate the integrity of the Port-A-Cul and Copan transport systems in maintaining the quantities and viability of organisms. The transporters were held for 0, 24, 48, 72, and 96 h at 4 The strains of Enterococcus were identified only to the genus level and are referred to as Enterococcus spp. Each reference strain and clinical isolate was held at Ϫ80°C in litmus milk (Becton Dickinson and Co.). Mycoplasma hominis was stored in a Mycoplasma broth without antibiotics, prepared in-house, at Ϫ80°C. Before transport survival studies, all isolates were thawed and subcultured twice to ensure purity.
A fresh subculture of each organism was suspended in sterile phosphatebuffered saline to a concentration of 10 8 CFU/ml by using a 0.5 McFarland standard (PML Microbiologicals, Wilsonville, OR) as a guide. The concentrations were confirmed by counting colonies on plates inoculated with serial dilutions of the suspensions. From these suspensions, the organisms were combined into two groups in the following quantities. Group I contained 10 3 CFU/ml each of Candida albicans and Lactobacillus crispatus and 10 5 CFU/ml each of Enterococcus spp., group B Streptococcus, Escherichia coli, and Staphylococcus aureus. The low number of Candida albicans cells represents what is typically found in asymptomatic women of reproductive age, and Lactobacillus crispatus can be detected at levels of Ͻ10 5 CFU/ml among women with bacterial vaginosis (unpublished data). Group II contained 10 5 CFU/ml each of Lactobacillus iners, Gardnerella vaginalis, Mycoplasma hominis, Prevotella bivia, Prevotella corporis, Porphyromonas asaccharolytica, Mobiluncus curtisii, Peptostreptococcus anaerobius, and Peptoniphilus asaccharolyticus. From each mixture, 100-l aliquots of the suspension were transferred onto 10 Dacron swabs (Thermo-Fisher) and onto 10 nylon swabs prepackaged with the Copan transporters. The Dacron swabs were inserted into the Port-A-Cul transporters, and the nylon swabs were inserted into the Copan transporters. After all of the swabs had been inoculated, serial dilutions of each mixture were prepared and these dilutions were cultured to ensure that all of the organisms were viable and present in the appropriate concentrations.
Five replicates of each type of transporter were held at 4 and 24°C in the dark. Samples from one Port-A-Cul transporter and one Copan transporter from each temperature condition were serially diluted 1:10 in phosphate-buffered saline and inoculated onto Columbia agar with 5% sheep blood (PML Microbiologicals), Brucella agar with 5% sheep blood (PML Microbiologicals), laked blood agar with kanamycin and vancomycin (PML Microbiologicals), human bilayer Tween (Becton-Dickenson), and an A-8 agar (8) and Mycoplasma broth without antibiotics, both prepared in house, at 0, 24, 48, 72, and 96 h. The media were then incubated at 37°C in 5 to 7% CO 2 for 48 h or at 37°C under anaerobic conditions for 120 h. All recovered organisms were compared to those on reference plates for colony morphology and reidentified by the methods described previously.
Statistical analyses were performed using SPSS statistical software release 14.0.1 (SPSS Inc., Chicago, IL), and statistical tests were evaluated at the 0.05 two-sided significance level. Student's t tests were used to evaluate differences in the mean log change in concentrations of microorganisms from the baseline to 24 h between transport media and between transport temperatures. Analysis of variance (ANOVA) was used to evaluate the effects of transport media and time on the mean log concentrations of microorganisms at each transport temperature.
RESULTS
The stability profiles of group B streptococci, Candida albicans, Escherichia coli, and Enterococcus spp. held at 4 or 24°C in Port-A-Cul and Copan transport media are shown in Fig. 1 . At 4°C, all four organisms were stable in both media for up to 96 h, suggesting that the prolonged transport of samples may be acceptable when these organisms are being targeted. However, when the transport media were held at room temperature, a 1/2-log increase in group B streptococci in Port-A-Cul medium after 48 h was observed, while there was a 2-log increase in group B streptococci in the Copan transport system after 48 h (Fig. 1a) . Candida albicans proliferated in the Copan transport medium at 24°C but not in the Port-A-Cul medium (Fig. 1b) . Escherichia coli and Enterococcus spp. concentrations had both increased by 2 logs in both Port-A-Cul and Copan transport media at 24 h and continued to increase over the 96-h holding period, suggesting that these bacteria may proliferate during transport when specimens containing them are transported at room temperature ( Fig. 1c and d) . As shown in Fig. 1 , all four organisms were detected at higher concentrations in the Copan medium than in the Port-A-Cul transport medium (P Ͻ 0.002).
The rates of survival of six nutritionally fastidious and oxygen-sensitive organisms in the Port-A-Cul system versus the Copan system over 96 h are illustrated in Fig. 2 . At 4°C, there (Fig. 2b) , which had a lower survival rate in the Copan system than in the Port-A-Cul system (P ϭ 0.02). As shown in Fig. 2 , all six microorganisms had a significant decrease in viability over 96 h at room temperature (P Ͻ 0.05 for each). However, there was a significantly greater loss of bacterial viability for organisms stored in Copan medium than for those stored in Port-A-Cul medium for Mycoplasma hominis (Fig. 2c) , Prevotella bivia (Fig. 2d) , Prevotella corporis (Fig. 2e) , and Peptoniphilus asaccharolyticus ( (Fig. 3a) had a slightly lower survival rate in the Copan medium than in the Port-A-Cul medium (P ϭ 0.04); however, in both transport media, the fluctuation in the concentration was less than 1 log. The concentrations of Staphylococcus aureus cells in both transporters at room temperature remained stable for up to 96 h. The Lactobacillus iners and Mobiluncus curtisii concentrations were significantly less stable in Port-A-Cul medium than in Copan medium at 4°C (P Ͻ 0.02), with both organisms having a loss of viability corresponding to greater than 1 log in the Port-A-Cul system versus the Copan system. Porphyromonas asaccharolytica and Peptostreptococcus anaerobius concentrations in both transporters remained stable at 4°C; however, at 24°C, the concentrations of both organisms decreased significantly over time (P Ͻ 0.001), with a significantly greater loss of Porphyromonas asaccharolytica viability in the Copan system than in the Port-A-Cul system (P ϭ 0.03). The data shown in Fig. 2 and 3 indicate that 4°C was optimal for the preservation of the viability of the fastidious organisms, with the exception of Mobiluncus curtisii and Lactobacillus iners, which had better stability at 24°C in both transporters. A summary of the log increase or decrease in viable cells for all 15 organisms at 24 h is presented in Table 1 . If the Port-A-Cul system is used for specimen transport, a temperature of 4°C is recommended since it prevents the overgrowth of Escherichia coli and Enterococcus spp. and preserves the quantities of the fastidious organisms. The Copan system at room temperature was permissive of the proliferation of Candida albicans, Escherichia coli, Enterococcus spp., and group B streptococci, while the Port-A-Cul system at 24°C was permissive of the proliferation of Escherichia coli and Enterococcus spp. (Table 1). Overall, these data suggest that genital swab specimens should be transported at 4°C in either Copan or Port-A-Cul transporters. When transporters were maintained at 4°C, there were no statistically significant differences in the numbers of viable organisms at 24 h between the two media, with the exception of the Mobiluncus curtisii concentrations, which decreased by 1 log in the Port-A-Cul system and remained stable in the Copan system (P ϭ 0.03). However, if the transporters were held at room temperature for 24 h, the Port-A-Cul transporter was superior to the Copan transporter with respect to preventing the proliferation of Candida albicans, Escherichia coli, and group B streptococci (P ϭ 0.04).
DISCUSSION
Both Port-A-Cul and Copan transporters were effective in maintaining organism viability and preventing organism overgrowth at 4°C. This study was unique in that mixtures of organisms were created to replicate genital samples and the impact on survival was evaluated at two temperatures and over a period of up to 96 h. There are, however, a few caveats. Both transporters maintained colony counts better when held at 4°C than when held at 24°C. This finding was true when the transporters were held for as short a period as 24 h or as long a period as 96 h. We chose not to evaluate organism survival when transporters were held at 37°C because the loss of viability at this temperature has been reported previously (18, 21, 23) . Vaginal samples are optimally processed within 24 h of collection, but delays can occur during transport. Our data suggest that if the transporters are shipped at room temperature, Port-A-Cul transporters are a better choice due to their capacity to maintain more stable colony counts at a temperature of 24°C than those maintained by Copan transporters. The formula for the medium used in the Port-A-Cul system is proprietary, and therefore, we are unable to determine if there is a difference due to specific components of the media. There was a fairly constant decline of all the anaerobes in both transporters beginning in as little as 24 h. This result is due most likely to the sensitivity of anaerobes to oxygen and would likely In order to achieve the best survival and the most accurate estimates of colonization density, transporters should always be shipped at temperatures that are as close to 4°C as possible. These data suggest that the results of culture-based studies of the vaginal microflora may be influenced by the type of transport medium selected and the conditions under which the specimens are transported.
